Summary: The purpose of this study was to determine whether exogenous norepinephrine mediates cerebrovas cular constriction via (X]-or (X2-adrenoceptors in anesthe tized neonatal pigs. Diameters of pial arterioles in anes thetized piglets, 1-6 days old, were investigated using a "closed" cranial window. We examined constrictor ef fects of norepinephrine on pial arterioles in the absence and presence of relatively selective (X]-(prazosin) and (X2-(yohimbine) adrenoceptor antagonists (1 mg/kg i. v.). Yo himbine and prazosin inhibited pial arteriolar constriction induced by topical application of clonidine and phenyl ephrine (10-6 and 10-4 M, respectively), and yohimbine did not affect the response to topical phenylephrine. In one group diameter was 188 ± 13 (mean ± SEM) JLm Cerebral vessels receive dense innervation from sympathetic nerves arising principally from the su perior cervical ganglia (Nielsen and Owman, 1967 
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We and other investigators have shown that activa tion of sympathetic nerves constricts cerebral ar teries and reduces CBF in a variety of species (Bu sija et aI., 1982; Busija, 1985; Kuschinsky and Wahl, 1975; MacKenzie et aI., 1979; Lacombe et aI., 1977) . Recently we have shown that cerebral arterioles constrict in response to sympathetic nerve stimulation and exogenous norepinephrine in the immediate neonatal period in piglets (Busija et aI., 1985) . In addition, we have found that sympa thetic nerve stimulation constricts cerebral arte rioles in these animals via the az-adrenoceptor sub type (Busija and Leffler, 1987a) . It has been sug gested that sympathetic nerves and exogenous norepinephrine cause constriction of resistance vessels by acting on different pools of receptors that may be of different a-adrenoceptor subtypes during control and 146 ± 12 JLm during 10-5 M norepi nephrine (22 ± 5% constriction). Following yohimbine the same vessels did not constrict significantly. In an other group 10-5 M norepinephrine constricted arterioles by 22 ± 5%, and this response was unaffected by pra zosin (24 ± 5% constriction). We conclude that pial arte rioles are responsive to both (X]-and (X2-adrenoceptor ago nists, that intravenous administration of prazosin and yo himbine results in these drugs crossing the blood-brain barrier and inhibiting constrictor effects of agonists, and that norepinephrine constricts pial arterioles predomi nantly via (X2-adrenoceptors. Key Words: Cerebral circu lation -Neonate. (Langer et aI., 1981; Alabaster and Davey, 1984) .
Therefore, the purpose of this study was to indicate the nature (al versus az subtype) of the adreno ceptors involved in norepinephrine-induced con striction of cerebral arterioles in situ in the new born pig. In the cerebral circulation, relatively large vessels such as pial arterioles are important resis tance vessels (Busija and Heistad, 1984) .
MATERIALS AND METHODS
Twenty-eight piglets (1-6 days old, 0.6-2.0 kg) of ei ther sex were used in these experiments. They were anesthetized with ketamine (33 mg/kg i.m.) and acepro mazine (3.3 mg/kg i.m.) and were maintained on (X-chlo ralose (30-50 mg/kg initially, supplemented with 5 mg/kg-h i.v.). The animals were intubated percutane ously and ventilated with air. A catheter was inserted into a femoral vein for injection of drugs and fluid, and an other catheter was inserted into a femoral artery to record blood pressure and to sample for blood gases and pH. Body temperature was maintained at 37-38°C with a water-circulated rubber heating pad. Following retraction of the scalp, a hole 2 cm in diameter was made in the skull over the parietal cortex. The dura and arachnoid membrane were cut without touching the brain, and all cut edges were draped over the bone. A stainless-steel and glass cranial window (Levasseur et aI., 1975) was in-serted into the hole and cemented into place with dental acrylic. After the cement dried, the space under the window was filled with artificial CSF through needles in corporated into the sides of the window. The composition of CSF was 220 mg KCt, 132 mg MgCI2, 221 mg CaCI2, 7,710 mg NaCl, 402 mg urea, 665 mg dextrose, 2,066 mg NaHC03, 500 mg ascorbic acid per liter (pH = 7.33, Peo2 = 46 mm Hg, P02 = 43 mm Hg). Pial arterioles on the surface of the parietal cortex were observed with a Wild trinocular stereomicroscope. We chose one arteriole for study that was> 100 f.lm in diameter. We have shown in a previous study that constrictor responses to exogenous and endogenous norepinephrine are independent of initial diameter in piglets (Busija et aI., 1985) . Pial arteriolar di ameter was measured with a television camera mounted on the microscope, a video monitor, and a video micro scaler (model VPA-lOOO, FOR-A-Corporation).
Experimental protocols
Determination of efficacy and specificity of Cl.r or Cl.r receptor blockade. Pial arteriolar diameter was deter mined 2-3 min following infusion under the window of artificial CSF containing no drug and CSF containing 10-6 and 10-4 M phenylephrine (n = 6) (a selective Cl.l receptor agonist) or clonidine (n = 6) (a selective Cl.rre ceptor agonist). In all experiments, maximal responses to agonists are reported. Infusion of artificial CSF without drug had no effect on diameter. This procedure was re peated 30-60 min after intravenous administration of pra zosin (1 mg/kg) (a selective Cl.l-receptor antagonist) for the phenylephrine group and after administration of yohim bine (1 mg/kg) (a selective Cl.2-receptor antagonist) for the clonidine group. In an additional group, diameter was measured during infusion of CSF containing no drug and 10-4 M phenylephrine before and after intravenous ad ministration of yohimbine (n = 4).
Effects of CI.]/Cl.radrenoceptor blockade on arteriolar constriction induced by norepinephrine. Diameter of pial arterioles was measured during infusion under the window of CSF containing no drug and CSF containing 10-6, 10-5, or 10-4 M norepinephrine (two groups of five piglets each). This procedure was repeated after one group received prazosin and the other group received yo himbine (1 mg/kg i.v. for each).
Statistical analysis
Data are presented as means ± SEM of raw values or values representing percentage change from control. Pial arteriolar diameter and arterial blood pressure during in fusion of different doses of drugs were compared with control values using paired t tests. Percentage changes from control values for each dose of drug before and after blockade were made using paired t tests. An CI. value of p < 0.05 was used in all statistical tests. Where appro priate, the Bonferroni correction was used to maintain the overall Cl.level at p < 0.05. A square-root transforma tion was performed on the diameter values before statis tical tests to correct for variation in initial arteriolar diam eter.
RESULTS

Efficacy and specificity of blockade
Exogenous clonidine decreased pial arteriolar di ameter by 12 ± 2% at 10-6 M and by 16 ± 3% at 10-4 M (Table 1) (arterial blood pH = 7.30 ± 0.08, Pco2 = 33 ± 2 mm Hg, P02 = 265 ± 66 mm Hg).
Following administration of yohimbine, clonidine did not decrease diameter significantly (arterial blood pH = 7. 30 ± 0. 06, Pco2 = 34 ± 2 mm Hg, P02 = 284 ± 68 mm Hg). Exogenous phenyleph rine decreased pial arteriolar diameter by 9 ± 2% at 10-6 M and by 18 ± 3% at 10-4 M (arterial blood pH = 7.48 ± 0. 07, Pco2 = 36 ± 2 mm Hg, P02 = 256 ± 53 mm Hg). After administration of pra zosin, phenylephrine did not decrease diameter sig nificantly (arterial blood pH = 7.49 ± 0.06, Pco2 = 34 ± 2 mm Hg, P02 = 265 ± 69 mm Hg). In fact, following prazosin, phenylephrine increased diameter slightly at 10-6 M. In contrast, yohimbine did not affect constriction due to phenylephrine; before blockade, diameter decreased by 9 ± 1% at 10-4 M (arterial blood pH = 7. 31 ± 0. 02, Pco2 = 36 ± 2 mm Hg, P02 = 244 ± 87 mm Hg), and after yohimbine, diameter decreased by 9 ± 1 % with 10-4 M phenylephrine (arterial blood pH = 7.37 ± 0. 09, Pco2 = 38 ± 6 mm Hg, P02 = 323 ± 126 mm Hg).
Effects of blockade on arteriolar responses during administration of exogenous norepinephrine
Exogenous norepinephrine did not decrease di ameter at 10-6 M, but did so at 10-5 and 10-4 M (Table 2; Figs. 1 and 2) (preyohimbine group arterial blood pH = 7.36 ± 0. 05, Pco2 = 31 ± 2 mm Hg, P02 = 80 ± 8 mm Hg; preprazosin group arterial blood pH = 7. 29 ± 0. 04, Pco2 = 33 ± I mm Hg, P02 = 78 ± 4 mm Hg). Following administration of yohimbine, exogenous norepinephrine did not de crease diameter (Fig. 1) (arterial blood pH = 7. 23 ± 0. 04, Pco2 = 38 ± 3 mm Hg, P02 = 71 ± 6 mm Hg). In contrast, constrictor responses to norepi nephrine were unaffected by prior administration of prazosin ( Fig. 2) (arterial blood pH = 7. 26 ± 0. 06, Pco2 = 35 ± 2 mm Hg, P02 = 70 ± 6 mm Hg).
DISCUSSION
The major findings of the present study of anes thetized piglets are that (a) exogenous norepineph rine and relatively selective C11-and C12-adreno ceptor agonists are able to constrict pial arterioles; (b) relatively selective C1C and C12-adrenoceptor an tagonists, when given intravenously, are able to cross the blood-brain barrier in sufficient quantity to inhibit constriction due to topical application of agonist; and (c) exogenous norepinephrine con stricts pial arteries via activation of C12-adreno ceptors.
In a previous study (Busija and Leffler, 1987a) , we found that sympathetic nerve stimulation also Adrenoceptors predominate in pial arterioles of piglets (Busija and Leffler, 1987a) and cerebral ar teries of cats (Skarby et aI., 1981 (Skarby et aI., , 1983 Medgett and Langer, 1983; Edvinsson et aI., 1985) , dogs (Fujiwara et aI., 1983; Toda, 1983; Usui et aI., 1985) , and cows (Tsukahara et aI., 1983) . In cere- Values are means ± SEM for six piglets. 'p < 0.05 compared with CSF containing no norepinephrine; tp < 0.05 com pared with response after antagonist.
bral arteries of rabbits (Busija, 1985; Laher and Bevan, 1985) , primates (Toda, 1983) , and rats ( present in relatively small arteries of piglets (Busija and Leffler, 1987a,b) .
Mean values for arterial blood pressure in piglets from our study ranged usually from 50 to 60 mm Hg and reflect the observation that these values typi cally are lower in neonates than in adults (Rogers et aI., 1980) . We have shown previously in healthy, chronically instrumented, awake piglets that arte rial blood pressure is �57 mm Hg and that CBF is maintained at normotensive levels when arterial blood pressure is reduced to 33 mm Hg (Leffler et aI., 1986) .
In summary, activation of a-adrenoceptors con stricts pial arterioles in anesthetized piglets, and norepinephrine-induced constriction is mediated via the a2-adrenoceptor subtype.
